This study was conducted to investigate the association between the chronic obstructive pulmonary disease (COPD) assessment test (CAT) and depression in COPD patients. The Korean versions of the CAT and patient health questionnaire-9 (PHQ-9) were used to assess COPD symptoms and depressive disorder, respectively. In total, 803 patients with COPD were enrolled from 32 hospitals and the prevalence of depression was 23.8%. The CAT score correlated well with the PHQ-9 score (r = 0.631; P < 0.001) and was significantly associated with the presence of depression (β ± standard error, 0.452 ± 0.020; P < 0.001). There was a tendency toward increasing severity of depression in patients with higher CAT scores. By assessment groups based on the 2011 Global Initiative for Chronic Obstructive Lung Disease guidelines, the prevalence of depression was affected more by current symptoms than by airway limitation. The area under the receiver operating characteristic curve for the CAT was 0.849 for predicting depression, and CAT scores ≥ 21 had the highest accuracy rate (80.6%). Among the eight CAT items, energy score showed the best correlation and highest power of discrimination. CAT scores are significantly associated with the presence of depression and have good performance for predicting depression in COPD patients.
INTRODUCTION
Depression is a major comorbidity in COPD and is associated with higher rates of acute exacerbation, re-admission, and 30-day mortality (1-4). Clinical depression has a reported prevalence of 10% to 42% in COPD patients (4) (5) (6) and can be a high economic burden to society (1, 2). Therefore, early detection of depression and appropriate intervention are important (3, 7) .
In previous studies, severe dyspnea, low body mass index, female gender, low lung function, poor performance status, and current smoking were identified as risk factors for depression in COPD patients (5, 6, 8) . Additionally, several well-known parameters, including an index reflecting the body mass index, airflow obstruction, dyspnea, and exercise capacity (BODE in-http://dx.doi.org/10.3346/jkms.2013.28.7.1048 dex), the short-form 36 health survey, and the St. George's Respiratory Questionnaire, have been shown to be associated with depression (3, 6, (9) (10) (11) . Although these composite markers can be used to screen COPD patients for depression, they are not convenient in out-patient settings because of their complexity and time requirements.
Recently, the COPD assessment test (CAT) was developed and shown to be useful for assessing the impact of COPD on patients' quality of life (12) . It is a fairly simple and quick questionnaire to use in an out-patient setting (13, 14) . To date, limited data exist regarding the association between CAT scores and depression. Therefore, through a multi-center study, we investigated the predictive role of CAT scores for the presence of depression in COPD patients and determined which items of the CAT are the strongest indicators of depression.
MATERIALS AND METHODS

Study design
The present study was performed between August and September 2010; and the data are part of ongoing prospective observational cohort study of COPD patients by the Korean COPD Study Group. Thirty-two hospitals (22 tertiary referral hospitals and 10 secondary referral hospitals) participated in the current survey. Patients with a current diagnosis of COPD and a post-bronchodilator forced expiratory volume in 1 second (FEV1)/forced vital capacity (FVC) ratio of less than 70% of the predicted value at their hospital visit were eligible. All enrolled patients completed both the Patient Health Questionnaire-9 (PHQ-9) and the CAT. Exclusion criteria were as follows: 1) acute exacerbation within the previous 6 months, 2) bronchial asthma or an increase in FEV1 of more than 12% of the predicted value with the use of 400 µg of albuterol, 3) other lung diseases such as bronchiectasis, interstitial lung disease, and tuberculosis-destroyed lungs, and 4) patients who refused consent. Some parts of the results of the present study were previously reported as an abstract form (15) .
Depression
To assess the presence of depression in COPD patients, the PHQ-9 was used. It is a validated screening questionnaire for depression, and the Korean version was recently validated (16) (17) (18) (19) . The PHQ-9 is a self-administered questionnaire composed of nine questions that are based on the Diagnostic and Statistical Manual of Mental Disorders, 4th edition (DSM-IV) criteria for a major depressive episode (17) . Each question asks patients about the occurrence of symptoms of depression over the previous 2 weeks, and scores for each item range from 0 (not at all) to 3 (nearly every day). As in the study by Kroenke et al. (18) , a total score ≥ 10 indicated the presence of depression in the present study; total scores of 0-4, 5-9, 10-14, 15-19, and ≥ 20 represented minimal, mild, moderate, moderate-to-severe, and severe depression, respectively.
COPD assessment test
The CAT is a validated and patient-completed questionnaire comprising eight items: cough, phlegm, chest tightness, breathlessness going up hills/stairs, activity limitation at home, confidence leaving home, sleep, and energy. The score for each CAT item ranges from 0 to 5. The CAT score is known to be well correlated with the St. George's Respiratory Questionnaire score (12, 13, 20) . The 2011 Global Initiative for Chronic Obstructive Lung Disease (GOLD) recommends that clinicians use the CAT to assess current symptoms and assign patients to treatment groups based on a CAT scores < 10 vs ≥ 10. The Korean version of the CAT has recently been validated (21) .
Data analysis
To evaluate the predictive usefulness of the CAT for depression in COPD patients, correlation analysis, multiple linear regression analysis, and receiver operating characteristics (ROC) curve analysis were performed. The sensitivity, specificity, positive predictive value (PV), and negative PV of CAT scores for predicting depression were calculated. The frequency of depression was determined according to age; the GOLD classification of airway limitation based on FEV1 as a percentage of the predicted value (FEV1% ≥ 80% vs 50% to < 80% vs 30% to < 50% vs < 30%); and the CAT score groups (≤ 9 vs 10-20 vs 21-30 vs ≥ 31). Depression severity was compared using multi-nominal logistic regression analysis. We also compared the frequency of depression among the assessment groups (Groups A, B, C, and D) based on the 2011 GOLD guidelines (i.e., CAT scores [< 10 vs ≥ 10] for symptoms and FEV1% [≥ 50% vs < 50%] for future risk) (14) .
Correlation analysis, ROC curve analysis, and logistic regression analysis were performed to determine which items of the CAT are the best predictors of depression in COPD patients. Continuous data are expressed as means ± standard deviation, and categorical data are expressed as the number (percentage). Chisquare test was used for the comparison of categorical data. P values < 0.05 indicated statistical significance. All statistical analyses were performed using SAS statistical software, EG version (SAS Institute, Inc., Cary, NC, USA).
Ethics statement
The study protocol was approved by the institutional review board at each participating hospital (Hallym University Sacred Heart Hospital, IRB No. 2010-I061). Written informed consent was obtained from each patient.
RESULTS
A total of 803 patients were enrolled during the study period, and 91.4% were male. The mean age was 68.2 ± 8.2 yr, and the mean FEV1% was 52.0 ± 19.4% (Table 1 ). The prevalence of depression, defined as a PHQ-9 score ≥ 10, was 23.8%. The mean CAT score was 16.2 ± 8.4. Female patients experienced depression more often than male patients, but the difference was not statistically significant. The prevalence of depression was significantly higher in elderly patients than in young patients (P = 0.019; Fig. 1 ).
Prevalence of depression according to treatment groups by the 2011 GOLD guidelines
For the assessment and treatment of COPD patients, the 2011 GOLD recommends that patients should be divided into four groups: Group A (low risk and less symptoms), Group B (low risk and more symptoms), Group C (high risk and less symptoms), and Group D (high risk and more symptoms). In the present study, the prevalence rates of depression were 1.8%, 32.0%, 2.7%, and 28.8% in Groups A, B, C, and D, respectively (Fig. 2) . The prevalence differed according to current symptoms (Groups A and C vs Groups B and D; P < 0.001), but not future risk (Groups A and B vs Groups C and D; P = 0.955). and low-risk patients (Groups A and B; FEV1 ≥ 50% of predicted). Frequency of depression was significantly different (P < 0.001) between patients with more symptoms (Groups B and D; CAT score ≥10) and those with less symptoms (Groups A and C; CAT score < 10). CAT, COPD assessment test; FEV1, forced expiratory volume in 1 second. Associations of CAT score and GOLD classification of airway limitation with depression As shown in Fig. 3 , the prevalence of depression did not differ among the four groups based on the GOLD classification of airway limitation. Among groups stratified by CAT score (≤ 9 vs 10-20 vs 21-30 vs ≥ 31), the frequency of depression was significantly higher in the group with higher CAT scores (P < 0.001 and P < 0.001 by chi-square test and linear-by-linear association, respectively), and patients with higher CAT scores tended to have more severe depression ( Table 2 ).
In the correlation analysis, a significant correlation was found between the PHQ-9 and CAT scores (r = 0. 631 and P < 0.001), but not between the PHQ-9 and GOLD classification of airway limitation (Fig. 4) . In the multiple linear regression analysis with age, gender, FEV1, and CAT score as covariates, the CAT score had a significant association with the depression score (β ± standard error, 0.452 ± 0.020; P < 0.001; Table 3 ). *Depression is defined as a PHQ-9 score of ≥ 10 in the present study; † By multi-nominal logistic regression analyses; ‡ Goodness-of-fit test: Chi-square = 2.913 and P = 0.820. CAT, COPD assessment test; CI, confidence interval; GOLD, global initiative for chronic obstructive lung disease; OR, odds ratio; PHQ-9, Patient Health Questionnaire-9. 
Ability of the sum of CAT scores to predict depression
The ability of the CAT scores to predict the presence of depression was investigated using ROC curve analysis (Fig. 5) . The AUC for the CAT score was 0.849 (95% confidence interval, 0.819 to 0.880), and the optimal cutoff value was ≥ 19.0. The sensitivity, specificity, (+) PV, (−) PV, and accuracy are shown in Table 4 . The sensitivity and specificity of the optimal cutoff value (≥ 19) were 78.0 and 77.5, respectively, but the accuracy was highest (80.6%) for a CAT score ≥ 21.
Association of CAT items with depression
The correlation coefficients, AUC values, and odds ratios (ORs) of each CAT item for the presence of depression (PHQ-9) are shown in Table 5 . Among the eight CAT items, chest tightness, activity limitation at home, confidence leaving home, sleep, and energy scores showed fair correlations (0.4 ≤ r < 0.6) and discrimination power (0.7 ≤ AUC < 0.8). Among these five items, the energy score had the best correlation and the highest AUC value, which was comparable to that of the total CAT score. In particular, the OR of the energy score for the presence of depression was significantly higher than those of the other seven CAT items.
DISCUSSION
The present study had several important findings. First, the CAT score was significantly associated with depression, with good predictive usefulness for the presence of depression in COPD patients. Second, compared with the GOLD classification of airway limitation, the CAT score was better correlated with the depression score, and depression severity was higher in patients with higher CAT scores. Among the assessment groups based on the 2011 GOLD guidelines, the frequency of depression differed by current symptoms, but not by the severity of the airway limitation. Finally, among the eight items of the CAT, the energy score showed the best correlation with the presence of depression and had the highest discrimination power. Depression has been extensively studied and is known to have a negative impact on COPD outcomes (4, 9, 10). However, depression often goes undiagnosed, and its exact prevalence and mechanisms in COPD are unclear. In previous studies, several composite markers have been evaluated. However, these markers are too complex for routine use in outpatient settings. In 2011, the GOLD recommended the use of the CAT for assessment of COPD patients (13, 14) . It is a valid tool and simple to use. Therefore, in the present study, we investigated usefulness of the CAT for prediction of depression in COPD patients in an outpatient setting.
Among the four variables included in the multivariate analysis in our study, the CAT score was significantly associated with presence of depression. ROC curve analysis indicated good performance of the CAT score for predicting depression. The 2011 GOLD guidelines recommend a CAT score of ≥ 10.0 for assigning COPD patients to a treatment group (14) . However, in the present study, the (+) PV of CAT scores ≥ 10.0 for presence of depression was only 30.4%. At an optimal cutoff value of ≥ 19.0, sensitivity and specificity were 78.0 and 77.5, respectively, and accuracy rate was the highest (80.6%) using a cutoff value of ≥ 21.0. Therefore, based on our results, a higher CAT score, possibly ≥ 21.0, would be more useful for depression screening in COPD patients. In addition, we also investigated association between individual items of the CAT and depression. Chest tightness, activity limitation at home, confidence leaving home, sleep, and energy scores were correlated with depression. Among these, energy score showed the highest correlation and good discrimination power. Thus, rather than traditional COPD symptoms (i.e., cough and phlegm), these five CAT items, especially energy, may be better indicators of depression in COPD patients.
The prevalence of depression in our study population was 23.8%, and depression was more common in elderly patients than in young patients. There was no difference in prevalence between genders or between severities of airway limitation. In contrast, the ECLIPSE study reported that depression was significantly associated with young age and female gender, and severe airway limitation (6) . This discrepancy between the ECLIPSE study and ours may be attributable to several differences between the study populations, including differences in gender, age, and disease severity distributions, or may be a consequence of the different tools used for assessment and analysis (5) . In the present study, depression was observed at all grades of GOLD classification of airway limitation. Several previous studies have also demonstrated depression even in mild-grade COPD, and we emphasized the need for early screening to reduce the risk for acute exacerbation (22) (23) (24) . However, in our study, the presence of depression was dependent on current symptoms, and not on lung function. Additionally, we also demonstrated the increased severity of depression with higher CAT scores ( Fig. 2 and Table 2 ). Thus, regardless of results of lung function tests, physicians should quickly assess the presence of depression in all COPD patients and particularly in symptomatic patients. Using the CAT, physicians may be able to assess not only patients' current symptoms but also potential depression.
Our study had several limitations. First, we did not investigate other variables such as comorbidities, exacerbation frequency, and smoking status that have associations with depression in COPD patients (5, 6) . As a result, we could not include other potential variables in the multivariate model. Second, among several depression scales, the PHQ-9 was used in the present study. Although the reliability and validity of the PHQ-9 have not been extensively studied in COPD, it is the most commonly used scale in primary care. Finally, the CAT has items which are originally associated with depression, such as energy and sleep. Therefore, the superiority of the CAT over the GOLD classification in the present study may be attributable to the structure itself of the questionnaire. Despite these limitations, our nationwide, multi-center study is, to our knowledge, the first demonstration of the usefulness of the CAT for depression screening in COPD patients. According to many experts, a better understanding of the barriers to the diagnosis and treatment of depression in COPD patients will improve outcomes (5, 25) . Because of its simplicity and practicality, the CAT may be a useful tool for overcoming some barriers.
In conclusion, the CAT scores are significantly associated with the presence of depression and have good performance for predicting depression in COPD patients. Therefore, the CAT may be a useful tool for depression screening in out-patient settings. Large-scale, multi-center studies are needed to further define the role of the CAT for depression screening in COPD patients.
